Introduction
It has become a tradition to provide the annual overview of the published papers in the International Journal of Cardiovascular Imaging in the year 2012. Particularly, this last year we have published many more manuscripts than in previous years, covering the well-known areas of X-ray angiography, intravascular imaging, echocardiography, nuclear cardiology, magnetic resonance imaging and computed tomography. In 2012, the Asian Society of Cardiovascular Imaging published two ASCI Supplements with Adjunct Editor Yeon H. Choe and Guest Editors Byoung W. Choi, Hajime Sakuma and Jongmin Lee.
X-ray angiography
In the first issue of Volume 28, Molloi et al. [1] described a technique in a swine model to predict the hyperemic flow in an arterial tree based on the measured arterial branch lengths or lumen volumes. This model was also applied in this swine model to estimate the Fractional Flow Reserve (FFR) and compare that with pressure-based FFR [2] . A linear correlation was found with an r-value of 0.85. As a result, they conclude that angiographic images can potentially be used for both anatomical and physiological assessment of coronary artery disease.
Tu et al. [3] investigated the bifurcation optimal viewing angles and bifurcation angles by 3D QCA in a total of 194 bifurcations from 181 patients. They concluded that large variabilities exist in optimal viewing angles for all main coronary bifurcations. And also that the anatomy-defined bifurcation optimal viewing angle could not be reached in vivo in roughly half of the cases due to the mechanical constraints of the current X-ray systems. On the other hand, the so-called obtainable bifurcation optimal viewing angle should be provided as an alternative or second best. In another study, Lee et al. [4] assessed the accuracy of 3D QCA with rotational angiography by comparing with IVUS and 2D QCA. They found that the vessel lumen diameter measurements by 2D and 3D QCA were significantly lower than by IVUS QCA, and that rotational angiography with 3D reconstruction can provide a more accurate vessel length measurement.
Jung et al. [5] presented the first trial to measure blood flow in animals under in vivo conditions using an X-ray gold nanoparticles tracking method, and concluded that this technique may contribute to the basic diagnosis of fluid mechanical aspects of circulatory vascular diseases.
Ventricular function and volume
In a study including 95 patients with apical ballooning syndrome (ABS) and 17 STEMI patients, Patel et al. [6] concluded that the presence of systolic dysfunction in the posterolateral segment in the left anterior projection of the left ventriculogram, most accurately distinguishes ABS from an anterior STEMI highlighting the utility of biplane angiography for this purpose. Indik et al. [7] studied the volume of the right ventricle by angiography in patients with right ventricular cardiomyopathy and compared that with MRI. They concluded that the end-diastolic volumes and ejection fractions of the RV obtained by dual view angiography correlated with these quantities by MRI. However, the RV end-diastolic volumes are larger by RV angiography in comparison with MRI. In another study on left ventricular volumes, Li et al. [8] concluded that RAO monoplane cineventriculography, unenhanced two-dimensional echocardiography and cardiac MRI are reliable tools in clinical routine to assess LV volumes and function, but they are not interchangeable.
Stents
In a study of 200 consecutive patients, Shen et al. [9] found that stent design may play a role in the prevalence of plaque prolapse. In a group of 462 patients with type 2 diabetes mellitus (T2DM) in the APPROACH trial, Garcia-Garcia et al. [10] found that both rosiglitazone and glipizide have a similar effect on neointimal growth at medium-term follow-up.
Intravascular imaging
In 2012 we observed an exponential grow on the number of papers involving intravascular imaging. A total of 19 papers, which is twice the number of papers published in the previous year, were presented along the entire year in all issues of the International Journal of Cardiovascular Imaging. Similar to last year, we will comment on the publications by separating them into two families of interest: ''Device evaluation and Atherosclerosis evaluation''. In addition we will also add a new family ''Technology and imaging post-processing''-in which the focus is not the applicability of the imaging as a surrogate for clinical questions, but rather a performance test or a new technical evolution of the method.
I-Device evaluation
This was the leading family of papers involving intravascular imaging. In a total of 12/19 papers, intravascular imaging was utilize as a surrogate method for device evaluation.
Do newer generation drug eluting stents (DES) achieve better tissue coverage, as defined by iOCT, compared to old generations? Kim et al. [11] demonstrated higher rate of coverage with Resolute zotarolimus-eluting stent compared to sirolimus eluting stent. Choi et al. [12] also found higher rate of strut coverage with everolimus eluting stent compared to sirolimus eluting stent. Kim et al. [13] identified, in a registry of 279 lesions, type of DES as the most significant determinant of rate of uncovered struts. Lehtinen et al. [14] compared a titanium-nitride-oxide coated bio-active stent (BAS) with paclitaxel-eluting stent, higher rate of full coverage on BAS were observed at the expense of significant more NIH thickness. The question if the higher rate of coverage is due to new stent platforms characteristics e.g.: thinner struts, or mostly the result of difference in drugs/pharmacokinetics cannot be fully addressed by the design nature of the above manuscripts.
How good is the correlation between angiographic late lumen loss and rates of strut coverage? This was explored by Kim et al. [15] , who elegantly demonstrated that a weak inverse correlation exists between rates of strut coverage, OCT defined, and late lumen loss, angiographic defined (r = -0.3). Despite the weak correlation, extremes of high NIH proliferation, late loss of 0.61 mm, were predictors of full stent coverage by OCT.
Are all NIH tissue composition the same? This question was explored in two papers, the first by means of integrated backscatter intravascular ultrasound (IB-IVUS) the second utilizing iOCT. Muraoka et al. [16] identified a subgroup of intra stent restenosis lesions with low IB-IVUS values (-49 to -130 dB) more predominant in DES compared to BMS. Even more interesting was the correlation between these low values of IB-IVUS and distal slow flow after POBA treatment. This may be the result of intra stent neoatherosclerosis development with distal embolization phenomena. Hou et al. [17] also demonstrated that not all NIH are the same, this time with iOCT. By means of backscattering quantification, lesions were classified as heterogeneous and homogeneous NIH. The incidence of heterogeneous NIH increased with the length of the followup duration after DES implantation. The heterogeneous NIH was also associated with higher incidence of microvessels and presence of neoatherosclerosis as defined by lipid like tissue.
Any insight from intravascular imaging on late stent thrombosis? Ko et al. [18] presented 18 patients with very late stent thrombosis studied with iOCT. The authors found intra-stent plaque rupture with superimposed thrombus as the anatomic substrate of 4/18 cases. The remaining population presented high rate of uncovered (9/14) and malapposed (7/14) stents.
Any insight from intravascular imaging on bioresorbable scaffold? Gogas et al. [19] compared, in a pre-clinical study, iOCT findings with histology at multiple time points (2, 3 and 4 years) after bioresorbable vascular scaffold (BVS) implant. The authors concluded that iOCT quantification of the BVS provides correlated measurements of the same order of magnitude as histomorphometry. Brugaletta et al. [20] relied on IVUS-VH to demonstrate positive remodeling of the vessel at 1 year follow-up after implant of BVS as well as a non-significant increase in the plaque area behind the scaffold.
II-Atherosclerosis evaluation
A total of 3/19 papers with intravascular imaging in 2012 focused on native atherosclerosis disease. Although a small number compared to applications for device interrogation, these 3 papers are of excellent quality and very insightful. Garcia-Garcia et al. [21] demonstrated with IVUS that pharmacological agents can impact differently atheroma composition and that statin only decreased atheroma volume with no impact on necrotic core areas. Shin et al. [22] show that only rosuvastatin was able to halt necrotic core progression and patients under simvastatin therapy had significant increase of the necrotic core in bifurcation lesions at 12 months follow-up. Lee et al. [23] looked at the relation between HDL level and vessel remodeling with IVUS. They found an interesting inverse correlation between HDL levels and remodeling index, but this correlation was lost in diabetic population.
III-Technology and imaging post processing
Ha et al. [24] proposed a solution for longitudinal motion correction of the iOCT catheter, this could ultimately benefit any endeavor towards volumetric reconstructions of the pullback. Huisman et al. [25] tested the impact of under sampling IVUS-VH post processing data. The authors conclude that a significant amount of time can be saved without significant compromise on the reproducibility of the results. The same group tested the reproducibility of 4 experienced European IVUS center and concluded that IVUS-VH analysis may suffer significant geometrical and compositional differences between centers [26] . This highlight the importance of single core laboratories for multicenter trials. Tu et al. [27] looked at the impact of vessel curvature on lumen dimensions as assessed by 3 different modalities, QCA, IVUS and OCT. Both intravascular images have a bias towards large lumens when compared to QCA and this was more pronounced in tortuous vessels highlighting the potential impact of oblique crosssection image of the vessel at the level of a tortuous segment. This is a particularly interesting paper considering the fact of being the first to perform a co-registration of these 3 different image modalities. It sheds light for a potential online application to solve the unmet need of co-registration between angiography and intravascular imaging.
In conclusion, we expect similar or higher number of high quality publications for next year. We particularly welcome papers with clinical applicability of intravascular imaging and patient outcome data. We wish to see more on the intersection between intravascular imaging and physiological assessment. Finally, we would like to thank you the contributors for the continuous interest in submitting their research and contributing to the International Journal of Cardiovascular Imaging to become one of the most active journals on intravascular imaging and an internationally recognized resource on the topic.
Echocardiography
As in previous years, several papers have been published in 2012 in the International Journal of Cardiovascular Imaging using different echocardiographic modalities to address various clinical problems. We selected some interesting studies in the fields of coronary artery disease, valvular heart disease, right ventricular failure and congenital heart disease.
Coronary artery disease
Tsougos et al. [28] investigated whether exercise-induced changes of the E/E' average ratio can detect high-burden coronary artery disease (CAD) in 359 patients with chest pain and normal left ventricular systolic function. Patients underwent exercise echocardiography, scintigraphy and coronary angiography. The exercise-induced change of the E/E' average ratio detects flow limiting CAD in patients with chest pain and normal LV systolic function showing an incremental value over regional perfusion technique and wall motion abnormalities. Valocik et al. [29] assessed the diagnostic accuracy of global longitudinal strain and strain rate, and mean radial strain and strain rate of the left ventricle to predict multi-vessel disease in 113 patients who underwent coronary angiography using speckle-tracking based velocity vector imaging. Mean radial strain rate tended to be better in identification of 3 vessel disease than traditional indexes of global and regional left ventricular function, i.e. left ventricular ejection fraction and wall motion score index.
Valvular heart disease
Lesniak-Sobelga et al. [30] demonstrated in patients with ischemic mitral regurgitation, that the values of both the anterior and posterior mitral leaflet angle determined by echocardiography correlate with the severity of ischemic mitral regurgitation, mitral apparatus deformation and left ventricular remodelling indices by CMR. This indicates that measurement of anterior and posterior mitral leaflet angles may play an important role in evaluating patients with ischemic mitral regurgitation. Di Bello et al. [31] evaluated the acute effects of TAVI with a CoreValve aortic valve prosthesis. They report very early improvement of left ventricular contractility, arterial elastance and left ventricular efficiency. These improvements occur early after the TAVI procedure, before significant changes in ventricular geometry.
Right ventricular failure
Kapa et al. [32] sought to determine how assessment of right ventricular dysfunction via transthoracic echocardiography correlates with right ventricular ejection fraction by CMR. A total of 474 patients were included. The authors concluded while transthoracic echocardiography may not offer an ideal measure of right ventricular function, a subjective assessment of moderate to severe reduction in right ventricular function by echocardiography has good sensitivity (80 %) and excellent specificity (97 %) for significant right ventricular dysfunction (CMR ejection fraction B35 %). Thus echocardiography may provide a very specific means to identify patients with severe right ventricular dysfunction.
Congenital heart disease
To date there has been little discussion about image orientation for three-dimensional (3D) echocardiography when applied to congenital heart lesions. Anatomic relations cannot be assumed in congenital heart disease and image cropping during post processing may by necessity remove external or even internal anatomic references. Simpson et al. [33] present an approach to consistent anatomic orientation which is both intuitive and consistent with regard to superior-inferior, anterior-posterior and left-right axes. Such anatomic orientation is also concordant with other common 3D imaging modes such as cardiac magnetic resonance imaging and computed tomography. Views derived from standard cross sectional echocardiography have such universal familiarity that analogous 3D projections of these views may be retained but novel hitherto unavailable views such as en face views of the cardiac septums or atrioventricular valves may be projected using anatomic orientation.
Nuclear cardiology
In 2012 different excellent paper in the field of nuclear cardiology were published in the journal. In this review we selected a few papers on the topics of detection of coronary artery disease (CAD), evaluation of viability and dyssynchrony and rare cardiac disorders.
Detection of coronary artery disease
Exercise bicycle testing is a widely available and inexpensive diagnostic tool to assess patients with suspected angina. However, its sensitivity and negative predictive value is low. The diagnostic performance of SPECT and computed tomography coronary angiography (CTCA) is clearly higher although the positive predictive value (PPV) of SPECT for identifying areas of ischemia in need for revascularization is low as well as the PPV of CTCA in the presence of calcium. Weustink et al. [34] performed a comparison between exercise bicycling testing versus CTCA (n = 334) and SPECT versus CTCA (n = 61) in patients with stable angina. Quantitative coronary angiography was used as reference standard to detect or rule out obstructive CAD. The authors documented that SPECT and CTCA yielded a high diagnostic performance (sensitivity of 89 and 98 %, specificity of 77 and 82 %) that was superior to exercise bicycle testing (sensitivity 76 %, specificity 47 %). The PPV was 91 % for SPECT versus 93 % for CTCA. The negative predictive value (NPV) was 72 % for SPECT versus 93 % for CTCA. There was a reasonable agreement (76 %) between at true positive exercise bicycle test and CTCA and only a fair agreement (39 %) between a true negative exercise bicycle test and CTCA. The agreement was good (86 %) between a true negative SPECT and CTCA and between a true positive SPECT and CTCA. These last findings are in contrast to previous studies that showed a lower agreement (range 50-67 %) for the detection of lesions with CTCA that induced myocardial perfusion defects. Clearly further studies are needed to evaluate the clinical value of traditional noninvasive diagnostic tests such as exercise bicycle test and SPECT versus newer tests such as CTCA or hybrid CTCA/ SPECT taking into account the pretest risk, availability, radiation exposure and cost-effectiveness.
Dobutamine stress myocardial perfusion imaging has well-known diagnostic and prognostic values and is mainly used in patients with suspected/known CAD who cannot exercise. The administration of dobutamine takes however some time and is frequently associated with adverse effect. Alternative protocols, including early atropine injection after the first stage of dobutamine infusion, are attractive because it can shorten the stress protocol and reduce adverse effects. Issa et al. [35] evaluated this approach in 30 patients who underwent dobutamine SPECT with both a conventional protocol (steps of 10, 20, 30 and 40 ug/kg/ min at 3 min intervals, adding atropine to the maximal dobutamine dose if necessary to achieve 85 % of the agecorrected maximal predicted heart rate) and an accelerated protocol with early atropine injection (at the end of the first stage). The accelerated protocol was shorter than the conventional protocol (7.1 ± 3.4 min vs. 11.8 ± 1.3 min, p \ 0.001) and had the same efficacy to achieve hemodynamic parameters, without increasing adverse effects. Also summed stress and summed difference scores obtained by automatic analysis were comparable, suggesting similar accuracy to detect perfusion abnormalities.
Drug-eluting stents (DES) are increasingly used to treat patients with CAD as these stents, as compared to bare metal stents (BMS) have reduced restenosis rates. Detecting instent restenosis (ISR) is not always easy because ISR is often (up to 50 % of patients) asymptomatic and relatively rare with DES. Most of the previous SPECT studies to detect IRS have been performed in patients who had undergone balloon angioplasty or BMS implantation, but not DES implantation. Park et al. [36] evaluated a large series of 228 consecutive patients who underwent 6 months follow-up SPECT and coronary angiography after stent implantation. In these 228 patients, 354 vessels were treated with stent implantation (BMS, n = 105, DES, n = 249). At the 6 months follow-up coronary angiography 65 (18.4 %) vessels showed ISR (angiographic % diameter stenosis C50 %, 37 vessels or 35 % with BMS and 28 vessels or 11 % with DES). When evaluating the diagnostic accuracy of SPECT imaging to detect IRS, the per-vessel analysis showed a sensitivity of 49 %, specificity of 75 %, PPV 31 %, NPV 87 % and accuracy of 71 %. The sensitivity and specificity did however not differ significantly between patients with BMS and those with DES (sensitivity 57 vs. 39 %, p = 0.16; specificity 72 vs. 77 %, p = 0.46). Evaluation of 71 false positive and 33 false negative lesions showed that the most common cause of fals-positive results in SPECT was the perfusion decrease which improved but not disappeared compared with baseline (46 among 71 vascular territories).
Evaluation of viability and dyssynchrony
In man, Positron Emission Tomography (PET) with 18F-fluorodeoxyglucose (FDG) provides a precise identification of viable and non-viable myocardium and is therefore a reference investigation in patients in whom the need of revascularization is considered. Dedicated PET systems have been developed for small animals and they can provide accurate measurements of left ventricular (LV) volumes and function. Bousquenaud et al. [37] evaluated the acipimox-enhanced FDG-PET technique for the assessment of myocardial infarction severity and subsequent remodeling in rats. They studied 19 Wistar rats who had surgical occlusion of the left anterior descending coronary artery and 7 rats were sham-operated. Acipimox-enhanced FDG-PET was performed 48 h and 2 weeks later for quantifying myocardial infarct area and LV function. Results demonstrate that this technique provides an efficient identification of the areas of severe myocardial infarction, with a very low viability (dramatic parietal thinning, fibrosis development, loss of cytoskeletal elements) for all left ventricular segments showing \50 % uptake on FDG-PET, a conventional criterion of ''nonviable'' myocardium in man. Importantly, these results are different than those reported with Sestamibi pin-hole SPECT in the rat myocardial infarction model, where a marked myocardial infarct size overestimation was documented. The initial extent of myocardial infarction determined by FDG-PET at 48 h was also strongly predictive for subsequent LV enlargement at 2 weeks. Therefore, acipimox-enhanced FDG-PET is a promising tool for future studies on myocardial infarction in a rat model.
Delayed contrast-enhanced (DE) cardiovascular magnetic resonance (CMR) also permits an accurate assessment of viability in chronic LV dysfunction. Regenfus et al. [38] compared DE-CMR with 201-Thallium SPECT for the prediction of reversible LV dysfunction in 54 patients with LV dysfunction (LVEF 35 ± 8 %) who were scheduled to undergo myocardial revascularization. All patients underwent both DE-CMR and 201-Thallium SPECT before revascularization and cine-CMR at baseline and 8 months later. After revascularization, 172 (49 %) of 350 dysfunctional segments improved at follow-up cine-CMR. Sensitivity for the prediction of functional recovery was comparable for both techniques (92 vs. 86 %, p = 0.4) but specificity was higher for DE-CMR (88 vs. 56 %, p = 0.001). Also, in contrast to SPECT, DE-CMR could predict an increase of global LVEF [ 5 % with a very high sensitivity (91 %) and specificity (91 %). As pointed out by the authors, these differences might result from inferior specificity and PPV for SPECT as compared to PET or CMR but also from the fact that nitroglycerin, which might have enhanced the detection of viable myocardium with 201-Thallium SPECT was not used in this study.
In patients with reduced LVEF and increased QRS duration, cardiac resynchronization therapy (CRT) is an established option to reduce morbidity and mortality. Dyssynchrony analysis by several different imaging modalities may provide additional information for the selection of these patients. Phase analysis of gated SPECT myocardial perfusion imaging has recently emerged as an automated and reproducible technique to quantify LV mechanical dyssynchrony. Aljaroudi et al. [39] compared the discriminatory ability and reproducibility of a new software method, Corridor 4DM, to the established method, Emory Cardiac Toolbox, in 100 normals and 100 patients with LVEF \ 35 % (38 with QRS [ 120 ms). Their results indicate that the 4DM-software provides an accurate and reproducible alternative method of dyssynchrony analysis of SPECT myocardial perfusion imaging. Clearly further studies are needed to assess its reproducibility in serial imaging and whether these measurements can further contribute in patient selection and follow-up before and after CRT implantation.
Rare cardiac disorders
Patients with an abnormal origin of a coronary artery from the opposite sinus form are rare and may have variable clinical manifestations, especially with a vessel course between the aorta and pulmonary artery. Uebleis et al. [40] evaluated the feasibility of coronary CTA/myocardial perfusion SPECT (MPS) image fusion for comprehensive diagnosis of adult symptomatic patients with these abnormalities. They studied 17 symptomatic patients (12 men, 54 ± 13 years) by CTA and MPS as well as additional use of 3D image fusion to allocate stress induced perfusion defects to their supplying coronary arteries. An anomalous right coronary artery arose from the left anterior sinus in 8 patients, an abnormal origin from the right sinus was detected in 9 patients (5 left coronary arteries and 4 left circumflex arteries). In total 5 of the 17 patients (29 %) demonstrated a reversible perfusion defect on MPS. There was however no correlation between the anatomical variants and the presence of myocardial ischemia. Of note 11 of these patients (65 %) had an arterial course between aorta and pulmonary artery, but only 3 of them (37 %) showed reversible perfusion defects. The results of this study indicate that cardiac hybrid imaging is a useful tool to detect and classify the morphology of coronary artery anomalies and to evaluate their hemodynamic relevance. However, there are no published data that evaluated whether controlled exercise and/or pharmacologic stress imaging can evoke the same amount of ischemia/symptoms as during cardiac events associated with extreme physical activity (professional sports, etc.) in these patients.
Arrhytmogenic right ventricular dysplasia (ARVD) is a challenging diagnosis in daily practice. Merabet et al. [41] presented a series of 130 consecutive patients who were referred for gated radionuclide ventriculography (RNV) because of suspicion of ARVD (based on symptoms, family history, ECG and more or less invasive imaging). Seven variables were extracted from the RNV: left and right ejection fractions, visual semi-quantitative assessment of left and right ventricular volumes, left and right phase standard deviations and inter-ventricular dyssynchrony measured from the phase histograms. The sobering results of this observational study show that a high proportion (45 %) of these patients did not present any significant scintigraphic abnormality and 16 % a predominantly LV pathology. About one-third of the study population (38 %) presented some significant scintigraphic abnormalities which could orient towards the diagnosis of typical ARVD. Clearly, the results of scintigraphy should be integrated in the clinical profile of the individual patient and results of other imaging modalities.
Magnetic resonance imaging
In 2012 an increasing number of papers in the field of Cardiac Magnetic Resonance (CMR) were published in the International Journal of Cardiovascular Imaging. First of all, there were a number of papers relating to the evaluation of patients assessing function by CMR in 2012. Kühl et al. [42] compared left atrial volume and function of 54 patients 3 months post myocardial infarction by echocardiography, CCTA and CMR. There was generally good agreement between CCTA and CMR. Transthoracic echocardiography appeared to underestimate left atrial volumes. Chang et al. [43] studied healthy Korean subjects by CMR and found no significant difference in left ventricle volume, mass or cardiac output of males and females after normalizing for body surface area. Right ventricular volume was less in females even after normalizing for body surface area.
Left ventricular torsion and longitudinal shortening was studied by tagged cine MRI by Carreras et al. [44] providing reference values in normal subjects. Regional measures of ventricular strain were compared using cardiac MRI tissue tracking and myocardial tagging by Harrild et al. [45] . These workers found good agreement for the time to segmental peak endocardial circumferential strain, ventricular synchrony, and whole slice peak strain. The agreement for the magnitude of the segmental peak endocardial circumferential strain was more modest.
The prevalence of cardiomyopathy in asymptomatic patients with left bundle branch block was examined by Mahmod et al. [46] . These workers found a high prevalence of mid-wall fibrosis in patients with impaired left ventricular function. Left ventricular filling patterns of patients with previous myocardial infarction were examined by Rodríguez-Granillo et al. [47] , who found infarct size had the lowest peak filling rates. The performance of a stress-only protocol for perfusion MRI had high diagnostic accuracy according to Lubbers et al. [56] In another study by Hartlage et al.
[57] both adenosine stress CMR and dobutamine stress echocardiography were found to have high negative prognostic value for patients with low-risk chest pain. A fixed amount of regadenoson and a weight adjusted adenosine protocol were found to produce similar measures of myocardial perfusion reserve obtained with MRI according to DiBella et al. [58] . The gender-based prognostic value of adenosine perfusion was compared with dobutamine wall motion imaging by MRI by Jahnke et al.
[59] Both techniques were found to be equally suited for cardiac risk assessment in men and women. In still another study comparing myocardial perfusion and dobutamine stress MRI, Gebker et al. [60] found that the addition of myocardial perfusion improved the sensitivity in patients with intermediate coronary artery stenosis.
Regional recovery of function following acute myocardial infarction was found exclusively in the first 4 months in a study by Mayr et al.
[61] Significant recovery was found in patients receiving rapid revascularization of the infarct related artery in the absence of microvascular obstruction. Angiographic assessment of microvascular obstruction was compared to MRI in another study by Wong et al.
[62] Late microvascular obstruction seen by MRI was found to be the best predictor of left ventricular function 90 days following ST-segment elevation myocardial infarction. Desch et al. [63] found that MRI reliably predicted salvage of myocardium following reperfused myocardial infarction in a series of 20 patients. Contrast enhanced MRI was found to be superior to SPECT for prediction of reversible left ventricular dysfunction by Regenfus et al. [64] Transmurality of scar was found by Schuster et al. [65] to be decreased for end systolic late gadolinium enhanced MRI compared with end diastole. This may have implications for viability assessment. An automated method for quantifying myocardial viability was proposed by Elnakib et al. [66] An infarct selective MRI contrast agent was studied by Kirschner et al. [67] in a closed-chest dog model of reperfused myocardial infarction.
Stensaeth et al. [68] studied a series of 42 patients by MRI over the course of myocarditis. Furthermore, Gerbaud et al. [69] studied a series of 130 patients presenting with chest pain, elevated troponin and unobstructive coronary arteries by MRI. And Kromen et al. [70] studied an experimental model of autoimmune myocarditis.
Factors affecting image quality of gadolinium enhanced MRA for pulmonary angiography were assessed as a retrospective analysis of the PIOPED III study by Sostman et al. [71] . Also from a retrospective review of PIOPED III, Woodard et al. [72] found that single dose gadobenate dimeglumine had better image quality than double dose. Sciancalepore et al. [73] performed a 3-dimensional analysis of the interventricular septal curvature in MRI of patients with pulmonary hypertension and found decreased curvature with increased severity of pulmonary hypertension.
In other vascular imaging MRI work, a porcine model of acute vascular injury and edema in carotid arteries was studied by Pedersen et al. [74] Plaque disruption and thrombus formation were studied in an atherosclerotic rabbit model by Ma et al. [75] The diagnostic value of high spatial and temporal resolution time-resolved MRA was demonstrated for high-flow vascular malformations at 1.5T. by Kramer et al. [76] Jin et al. [77] studied nitrateinduced coronary vasomotion by a whole heart 3D MRA sequence. Coronary wall imaging in patients with rapid heart rates was studied by Lin et al. [78] with a black blood technique. Suever et al. [79] studied the reproducibility of pulse wave measurements with phase contrast MRI compared with applanation tonometry. In vivo and in vitro validation of aortic blood flow quantification was studied by Rengier et al. [80] Finally, an image-guided method to optimize the ECG signal for cardiac MRI was proposed by Barnwell et al. [81] resulting in a 73 % improvement.
Computed tomography
Studies of cardiovascular CT played a large role in the body of scholarly work that appeared in the 2012 pages of the International Journal of Cardiovascular Imaging. The ASCI special issue published in June 2012 featured several CT-related outstanding original reports, including studies of radiation dose by Chen et al. [82] , the stability in the ECG tracing during image acquisition by Wang et al. [83] , and the assessment of in-stent stenosis by Kwon et al. [84] .
Important international trials were a highlight of the 2012 portfolio of articles. In a Chinese multicenter investigation, He et al. [85] studied 544 patients with clinically suspected PE, all of whom had chest radiographs, ventilation/perfusion imaging, and CTPA. Their data showed that the Prospective Investigative Study of Pulmonary Embolism Diagnosis (PISA-PED) criteria had similar test characteristics to the PIOPED II interpretation. However, it should be noted that in this population, 321/544 patients enrolled had pulmonary embolism, and thus the prevalence of disease should be factored into the interpretation of these findings. In another study, Yoon et al. [86] studied 136 Korean patients with acute chest pain and a non-diagnostic ECG and showed that these patients may have no calcium as detected by CT, even though they have significant CAD, even for elderly patients. Another study of the use of CT in chest pain, Marwan et al. [87] used dual-source CT to study significant coronary artery disease in patients with uncontrolled hypertension and chest pain. They found that coronary CT angiography had excellent test characteristics, and in particular a very high negative predictive value. Thus, they concluded that CT can be used to exclude coronary stenoses and avoid catheter angiography for patients who fall into this category.
Several innovative articles that will factor into nextgeneration applications appeared in the journal. Kühl et al. [88] studied CT myocardial perfusion by scanning 14 healthy subjects with PET and then another 14 age-gender matched subjects with near-normal coronary arteries who underwent perfusion CT imaging. Using a 16-segment model of the myocardium, they concluded that relative perfusion at rest is lower in the LV lateral wall with both PET and CT when compared to the remainder of the myocardium. In another article, Takeda et al. [89] used innovative phase-contrast x-ray CT imaging to study atherosclerotic lesion volumes in murine experiments. By investigating the effect of anti-platelet therapies in changes of plaque components, they suggested that new CT technologies could, in the future, be used to access unstable plaque. Using data acquired in Australia, Troupis et al. [90] studied 47 patients with atrial fibrillation with respect to a control group in normal sinus rhythm and showed that left atrial appendages and atrial diverticula are common structures with a similar prevalence in both patient cohorts. Lastly, Michaud et al. [91] studied 14 post-mortem hearts, comparing the results from autopsy, CTA, and conventional CT imaging alone. They found that coronary calcium was best detected with CT imaging, and coronary CTA was a reasonable tool to examine the coronary circulation and exclude significant coronary artery disease.
Two important studies examined an expanded role of CT, comparing applications to findings in echocardiography. Ghosh et al. [92] used echocardiography and intraoperative findings as a reference standard to characterize mitral valve prolapse by CT. These investigators found that CT had excellent sensitivity and specificity for the detection of any mitral valve prolapse. However, using the intraoperative reference standard, CT had a sensitivity of 58 % to detect mitral valve scallops, compared to 78 % for echocardiography. In a similar theme, Mizia-Stec et al. [93] used CT to obtain favorable results when compared to echocardiography to assess the aortic valve complex. While the authors suggest that echocardiography remains the main diagnostic tool in clinical practice, there is a growing, indisputable body of evidence that the CT scan, without operator dependence, fully assess the valve planes and provide rapid comprehensive planning of interventions.
Regarding the assessment of CT hardware systems, Park et al. [94] studied iterative reconstruction in dual-source coronary CTA by age-gender matching of 81 subjects with two different protocols. Their work supports the improvement of SNR when iterative methods are compared to filtered back projection imaging, and suggests that coronary CTA radiation doses can be roughly halved when iterative methods are used. Similar results have been published in the journal by Bittencourt et al. [95] for this and by Kazakauskaite et al. [96] for other hardware platforms. Tanami et al. [97] used a phantom model and 64-detector row hardware designed for high spatial resolution to make measurements within stents. These ex vivo studies on a variety of stents suggest that an improved spatial resolution may be promising for better characterization of lesions in vivo. Kristanto et al. [98] used a MicroCT system as well as a standard 64-detector row scanner to further our understanding of a ''zero'' calcium score. This group used open source software to better understand the relationship between size and attenuation of a calcium deposit, concluding that this scanner technology can only detect coronary calcifications of 215 micron or greater diameter. Thus, earlier calcification in the coronary wall is not expected to be detected.
Finally, several studies focused on wide-area detector CT [99, 100] , that had emerged over the past few years. Tomizawa et al. [101] defined a motion ratio for multisegment reconstructed images with the first generation scanner and determined that this metric is superior to measuring the displacement of the coronary arteries alone to assess the influence of coronary motion in the image degradation in cardiac CT. Zhang et al. [102] applied 320-detector row CT imaging to children with congenital heart disease. They compared findings with transthoracic echocardiography. Although tailored MR was not performed, the group found high performance of CT, and the average effective dose was only 0.42 milli-Sieverts. With respect to radiation dose reduction, Bedayat et al. [103] introduced asymmetic cone beam reconstruction for 320 9 0.5 mm detector row CT, showing an overall 24 % reduction in radiation dose for cardiovascular and noncardiovascular applications. This algorithm is now a part of all 16 cm detector width CT scanner in operation globally. Van Velzen et al. [104] studied wide area detector CT in the evaluation of chest pain, further supporting the role of CT for the assessment of patients under assessment for acute coronary syndrome.
CT Imaging in the context of transcatheter aortic valve replacement (TAVR) has gained increasing importance, and is reflected in publications in the journal. One paper by de Heer et al. [105] examined image quality (IQ) of the commonly implanted Sapien-Edwards prosthesis both in vitro and in vivo. The prosthesis was imaged in an in vitro model with a 256-slice CT system under pulsatile conditions using different protocols. IQ of the supra-, peri-, sub-, and intraprosthetic as well as leaflet regions was scored on a fourpoint scale by two observers. IQ was also assessed for twenty-one post-operative scans. The authors found that the Sapien-Edwards prosthesis can be visualized with MDCT with moderate to good IQ, except for the valve leaflet region that has generally non-diagnostic or moderate IQ. 
